R ight ventricular apical (RVA) pacing is known to cause left ventricular (LV) dysfunction, myocardial perfusion defects, abnormal septal contractility, asymmetrical septal hypertrophy, and heart failure in some patients. 1-2 However, RV pacing-induced LV apical dyskinesis has not been previously described in the literature. We report a case of RVA pacing-induced LV apical dyskinesis that resolved acutely and was accompanied by a global improvement in LV systolic function after biventricular (BiV) pacing therapy with relocation of the RV lead. Intraoperative real-time 3D echocardiography was used for the optimal RV and LV pacing site selection.
R ight ventricular apical (RVA) pacing is known to cause left ventricular (LV) dysfunction, myocardial perfusion defects, abnormal septal contractility, asymmetrical septal hypertrophy, and heart failure in some patients. [1] [2] However, RV pacing-induced LV apical dyskinesis has not been previously described in the literature. We report a case of RVA pacing-induced LV apical dyskinesis that resolved acutely and was accompanied by a global improvement in LV systolic function after biventricular (BiV) pacing therapy with relocation of the RV lead. Intraoperative real-time 3D echocardiography was used for the optimal RV and LV pacing site selection.
The case is a 73-year-old patient with complete heart block who underwent dual-chamber pacing (right atrial appendage and RVA pacing) for complete heart block, 3 years before the presentation. At baseline, she had normal ventricular function with an ejection fraction (EF) of 65%; however over the last 2 years, she had progressive LV dysfunction and worsening symptoms of congestive heart failure. A follow-up echocardiogram at this time showed an ejection fraction of 15% and marked dyskinesis of the LV apex. Based on a presumptive diagnosis of RVA pacing-induced LV dysfunction, a decision to proceed with BiV pacing upgrade and cardiac resynchronization therapy was made.
The procedure was performed under general anesthesia. A 5F quadripolar electrophysiology catheter was advanced via the right femoral vein into the RV for various RV pacing site selection. Subsequently, the existing left prepectoral pacemaker pocket was opened and the left axillary vein was accessed and a guide wire was placed using Seldinger technique. A Medtronic Attain straight sheath with a deflectable coronary sinus (CS) catheter was advanced into the right atrium and the CS was cannulated. Thereafter, the catheter was removed, leaving the sheath in the CS. A CS venogram was then performed to locate and map the CS tributaries. A Medtronic 88-cm LV lead with a hybrid guide wire was advanced into the CS for different LV pacing site selection.
Using the RV electrophysiology catheter and CS lead, several in situ pacing combinations were achieved and tested in an attempt to localize the optimal RV and LV pacing site combination. During all the possible combination pacing studies, corresponding intraprocedural real-time 3D full-volume echocardiographic data sets were acquired using the ϫ3-full matrix array probe (Sonos 7500 real-time 3D echocardiography, Philips Medical Systems) under strict sterile precautions.
Although multiple pacing combinations were attempted, only the combinations that showed significant differences are described here. These include pacing in the RV apex alone, BiV pacing combinations of RV outflow tract (RVOT) with CS posterolateral (PL), and RV apex with CS PL locations. Throughout the procedure, the permanent pacemaker was turned off and the pacing was achieved via the programmer. Real-time serial full-volume data sets acquired at multiple combinations of RV and CS pacing sites were then analyzed offline, using a semiautomated contour analysis system software (TomTec 4D TomTec, Imaging Systems, GmbH, Germany) for mechanical asynchrony, ejection fraction, and wall motion abnormalities. Reversal of RVA pacing-induced apical dyskinesis ( Figure A and Movie 1) along with improved echocardiographic and mechanical dyssynchrony parameters were noted after upgrading to BiV pacing with RVOT-CS lead location combination. (Table, Figure B , and Movie 2). BiV pacing with RV apex and CS combination did not reverse the apical dyskinesis and may explain the lack of improvement with this combination ( Figure C and Movie 3) . However, relocating the RV apical lead to the RVOT not only reversed the apical dyskinesis but also resulted in a dramatic improvement in the EF and end-diastolic volume and dyssynchrony parameters, suggesting a salutary effect on both systolic as well as diastolic function. In aggregate, EF improvement with the RVOT-CS combination appeared to result from a combination of improved diastolic filling (higher end-diastolic volume), coordinated biventricular contractility (less dyssynchrony), and the restoration of LV apical contractility.
RVA pacing produces abnormal depolarization with ventricular activation progressing from apex to base and from right to left ventricles. This results in an increased total ventricular activation time and delayed activation of the lateral wall of the left ventricle. 3 Although chronic RVA pacing-induced perfusion defects are most frequently encountered in the septal, inferior, or apical segments, 1 regional contractile abnormalities tend to typically involve the septum or apex and have been previously described; however, no reports of apical dyskinesis secondary to RV apical pacing exist in the literature.
In addition to the reversal of apical dyskinesis described above, the other novel feature of this case is the intraoperative application of real-time 3D echocardiography to define the most efficacious site of pacing the RV and LV for cardiac resynchronization therapy. The ability to serially and rapidly quantify volumes, regional wall motion, EF, and dyssynchrony underscores the incremental utility and superiority of 3D echocardiography over conventional 2D echocardiography for this purpose. 
